Introduction
The European Spallation Source (ESS) is currently under construction in Lund in southern Sweden, with an ambition to become the brightest neutron source for materials research, upon its completion in mid-2020s. The linac system will deliver 2 GeV protons to the rotating tungsten target, at an unprecedented beam power of 5 MW. In steady operation, 5,400 hours of beam time per year on the target is planned. At 5 MW beam power and 2.5 mA time averaged beam current, the accumulated beam energy and beam current will reach 27 GWh and 13.5 Ah per year, respectively. The intensive primary protons, secondary neutrons from meV to GeV energy range and decay gammas induce thermo-mechanical loads and radiation damages in the materials in target environment, limiting the functionality, reliability and lifetime of the systems exposed to particle radiations.
With the progress of the construction of the European Spallation Source (ESS), a need to systematically manage the materials information has risen, to support the design of the components that are exposed to radiation fields in target environment. To serve this purpose, the ESS Materials Handbook has been under active development since 2015. With time, the scope of the Handbook evolved beyond that of the target. As a result, the most recently released Revision 5 of the Handbook provides materials information and guidelines to the ongoing projects for the target-interfacing systems as well, which include the systems in proton beam drift room and neutron beam extraction area.
The objective of the Handbook is threefold. Firstly, it compiles the data on radiation induced damages in the materials that are to be applied in target environment. The compiled data are used to set guides for materials selection and dose-limited lifetime determination for the systems exposed to intense proton, neutron, and gamma radiation fields created by particle-matter interactions. The Handbook also records the decisions on materials selections. The selected material for each component is compiled in the Handbook, together with the reasonings and justifications behind the decision. Secondly, it provides reference materials data for finite element and finite volume simulations. This enables consistency in obtained numerical data from computational simulations for systems design, as all the simulations performed are to be based on a single set of physical, mechanical, and thermal materials data. Thirdly, the Handbook provides reference elemental composition of materials for shielding, activation and nuclear inventory calculations. This particularly ensures a credibility of radiation safety analyses.
The ESS Materials Handbook has been evolved on the basis of requirements provided by the designers of target and target-interfacing systems. Required materials data are compiled from a broad range of knowledge sources, which include published articles, existing handbooks such as AFCI Materials Handbook [1] , ITER Material Properties Handbook [2] and ASM Handbook [3] , technical reports, design rules such as RCC-MRx [4] , and advices of leading experts from other accelerator and target facilities. For critical materials in target environment with scarce literature sources, dedicated research program has been set up and the obtained materials data are compiled in the Handbook. Extensive studies of project critical materials have been conducted in collaboration with other leading institutions, which include tungsten as spallation material [5] [6] [7] [8] [9] [10] [11] , liquid hydrogen as moderator material [12] , beryllium as reflector material, and greases as lubricating material [13, 14] . This paper presents an overview of the ESS Materials Handbook and its development status as of May 2019.
Contents of the ESS Materials Handbook
The ESS Materials Handbook consists of three parts on Top Level Materials Selection Criteria, Materials Scope and Components Lifetimes, and Materials Properties Database.
Top Level Materials Selection Criteria
Different severity levels of radiation damage determines the design specifications and service lifetime of each component. In this part of the Handbook, the severity levels of radiation damage are categorised into three classes, depending on its impacts on design and component lifetime. The three radiation damage classes are presented in Table I . Table I . Three radiation damage classes used for the designs of the components in target environment.
Damage class Description Negligible
The level of radiation damage is so low that it does not affect the design of the component. Non-negligible The radiation damage should be taken into account in design, but the component has a lifetime of the facility.
Significant
The radiation damage should be taken into account in design, and the component has a limited lifetime shorter than facility lifetime, requiring periodic replacement.
The components in target environment are exposed to different radiation damage sources. The radiation damage types which are identified to be relevant in determining lifetimes of the components are listed in Table II . For each radiation type, the radiation damage class following Table I is defined in this part of the Handbook.
As the cobalt impurity level affects the residual activation of the components after being in the radiation field, the requirement on the cobalt impurity level must be defined before the procurement of the material. This part of the Handbook also sets the guideline in selecting the cobalt impurity level of the materials applied in target environment. The required cobalt impurity limit depends on the need of water cooling of the nuclear heat deposition, the need of remote handling during facility lifetime and the radiation damage class. For the classification of the cobalt impurity, the convention of RCC-MRx [4] is adopted. 
Materials Scope and Components Lifetimes
This part of the Handbook compiles the selected materials for the components in target environment. This serves as a materials selection baseline for the target project. The reasonings and justifications of the decisions made on the materials selections are described. In case a system is subject to a non-negligible or a significant radiation damage, the service lifetime is defined based on the characteristics of radiation induced degradation of the material of which the system is made. The materials selection baseline could change with the progress of the project, as more materials knowledge and market information are becoming available. The revision of this part of the Handbook continues until the related system design passes the critical design review after which the design is frozen. Table III summarises the materials scope and radiation damage limited lifetimes of critical structural components in target environment at ESS, as of May 2019. 
Materials Properties Database
This part of the Handbook compiles material properties data for numerical simulations and hazard analyses. The numerical analyses covers the finite element and finite volume simulations of coupled flow, thermal, mechanical, and electrical problems for systems design, and particle transport Monte-Carlo (MC) simulations for heat deposition, shielding, activation and nuclear inventory calculations. This enables consistency in obtained numerical data from computational simulations for systems design and hazard analyses for facility licensing.
Material Properties Database: Solids
The materials properties data of solids for beam stopping, structural pressure confinement, shielding, leak-tight sealing, magnetic, and neutron reflections applications are compiled. Provided are thermal, physical and chemical properties of the materials used in target environment. In particular, the reference chemical elemental data are presented to serve for particle transport MC analyses. As containment of minute impurity of certain isotopes such as cobalt could largely affect the activation level of the irradiated component, care has been taken to include small fraction of impurities in the elemental data compiled. The data of irradiated materials are compiled as well, which are used to set application area and component lifetime criteria. In this part of the Handbook, materials informations listed in Table IV are presented. 
Material Properties Database: Fluids
The materials properties data of fluids for computational fluid dynamics (CFD) calculations are compiled. Specifically, the flow properties of helium, water and hydrogen in liquid and gas phases are compiled. As a functional fluid, the properties of ferrofluid are compiled as well, which is used as a sealant of helium coolant of the rotating spallation target. Since it is exposed to the neutron streaming through the gaps in the target shaft, the radiation induced changes of viscosity and magnetism are of particular concern.
Material Properties Database: Building Materials
The properties of clay, stones, and concrete that are used for the civil construction of ESS are compiled in this part of the Handbook. The data sets a reference for the shielding and activation calculations for ensuring the radiation safety of the facility. The mechanical data compiled serves for the structural analyses of the building structure.
Material Properties Database: Electronic Component
Currently, the radiation damage behaviours of CMOS and CCD image sensors are compiled. The radiation dose based lifetime limits of different electronic components in target environments will be added with the progress of the project.
Conclusion

